Statistical power in matched case-control studies depends on both the correlation coefficient between cases and their matched controls (phi) and the prevalence of exposure among controls (PJ. To examine the hypothesis that the value of increasing the control-to-case ratio beyond 5 varies with both phi and P o , the authors estimated statistical power for a hypothetical case-control study under different assumptions. The effect of increasing the control-tc-case ratio depended on phi and, to a lesser extent, on P o . The results suggest that investigators consider including more than five controls per case when either phi is greater than about 0.2 or P o is less than about 0.15. Am J Epidemiol 1999; 149:195-7. case-control studies; matched-pair analysis; statistics Investigators planning case-control studies are usually advised to include no more than four or five controls per case because little statistical power is gained by further increasing this ratio (1,2). While this rule may be appropriate in most situations, there are settings in which a higher control-to-case ratio may be desirable. Rothman (1) cites two such instances: 1) when the cost of including additional controls is negligible, and 2) when there is concern for sufficient numbers in stratified analyses.
Investigators planning case-control studies are usually advised to include no more than four or five controls per case because little statistical power is gained by further increasing this ratio (1, 2) . While this rule may be appropriate in most situations, there are settings in which a higher control-to-case ratio may be desirable. Rothman (1) cites two such instances: 1) when the cost of including additional controls is negligible, and 2) when there is concern for sufficient numbers in stratified analyses.
The concern that additional controls per case may be needed for stratified analyses is of particular relevance in matched case-control studies, in which each case together with its matched controls constitutes a distinct stratum. In such instances, a given case contributes no information unless there is at least one matched control that is discordant on exposure status. The probability of discordance in exposure status between a case and any given matched control would therefore be expected to influence the optimal control-to-case ratio.
Statistical power calculations developed by Dupont (3) for matched case-control studies require the investigator to specify 1) the desired type I error rate, 2) the minimum odds ratio to be detected as statistically signif-icant, 3) the estimated number of cases, 4) the control-tocase ratio, 5) the estimated prevalence of exposure in the control group (P^, and 6) an estimate of phi, the correlation coefficient for exposure between cases and their matched controls. Although unfamiliar to many epidemiologists, phi has been used in the social sciences as a measure of agreement between dichotomous items (4 (95.21/887)" 2 = 0.33 (exact 95 percent confidence interval 0.03-0.62). The values of phi (with exact 95 percent confidence intervals) for the two-and three-dose comparisons (each compared with zero doses) were 0.37 (0.06-0.68) and 0.58 (0.02-1.00), respectively.
How can investigators who are planning a matched case-control study estimate phi, given that few studies report either the value of phi or the matched tables that would allow readers to calculate phi? Dupont (3) recommends using a value of 0.2 if a data-based estimate for phi is unavailable. However, as shown above, there may be situations in which phi may be substantially higher, although this is difficult to know in advance. Interestingly, in the previously cited case-control study, the high observed values of phi did not translate into lack of association between exposure and disease. The matched odds ratios were as follows: 0.20 (95 percent confidence interval 0.07-0.56) for one dose and 0.025 (95 percent confidence interval 0.004-0.14) for two doses (the matched odds ratio for three doses was not calculable because of a zero cell) (5). Thus, contrary to intuition, a high degree of correlation in exposure between cases and their matched controls did not result in a lack of association between exposure and disease.
We were interested in learning how the optimal control-to-case ratio is affected by the degree of correlation in exposure between cases and their matched controls. In particular, we hypothesized that the amount of information provided by increasing the control-tocase ratio beyond five would increase as a function of phi. As well, we were interested in examining what effect, if any, P o had on the optimal control-to-case ratio.
MATERIALS AND METHODS
Using typical values for the parameters that determine statistical power, we examined the effect of increasing the control-to-case ratio for different values of 1) phi and 2) prevalence of exposure among controls (PQ). In particular, we examined the estimated statistical power to detect an odds ratio of 3 in a hypothetical matched case-control study of 50 cases, specifying a type I error rate of 5 percent, and varying phi, P o , and the control-to-case ratio. We used the computer program developed by Dupont and Plummer (6) to estimate statistical power.
RESULTS AND DISCUSSION
As expected, for a given P Q and a fixed number of cases and controls, phi has a large effect on statistical power (figure 1). Also as expected, the gains in statistical power resulting from increasing the control-tocase ratio increased as phi increased ( figure 1) ; that is, the power curves flatten more gradually as phi increased. For example, if phi is 0.1, the estimated statistical power increases only from 89 percent to 92 percent (an absolute increase of 3 percentage points) when the control-to-case ratio is increased from 5 to 10. In most situations, it is unlikely that this small Controls per case 10 RGURE 2. Estimated statistical power for a hypothetical matched case-control study with alpha = 0.05, correlation coefficient for exposure between cases and matched controls (phi) = 0.2, and odds ratio = 3 (produced using software described in Control Clin Trials 1990;11:116-28).
gain in statistical power would be worth the added costs. In contrast, if phi is 0.5, the estimated statistical power increases from 68 percent to 77 percent (an absolute increase of 9 percentage points) for the same increase in the control-to-case ratio. Under these circumstances, it might well be worth the expense to enroll 10 or more controls per case. As an extreme example, if one desires 80 percent statistical power when phi is 0.5, 18 controls per case are necessary. In terms of a rough rule-of-thumb, it appears as though one should consider increasing the control-to-case ratio beyond 5 when phi is expected to be greater than about 0.2. P o also has a very dramatic effect on statistical power (figure 2). While there is an effect of P o on the relation between statistical power and the control-tocase ratio (figure 2), this effect is more subtle than the effect of phi. In particular, the value of increasing the control-to-case ratio beyond 5 increases as P o falls. A rough rule-of-thumb would be to consider increasing the control-to-case ratio beyond 5 when P Q is expected to be less than about 0.15.
It should be noted that the calculations presented here assume that the matching factor is the only variable that will be used for stratification. As noted by Rothman (1), analyses that are also stratified on other factors will have less statistical power than is estimated by standard formulas. In these situations, it may be even more advantageous than is suggested here to include more than five controls per case, particularly when there is a strict limit to the number of cases available.
In summary, meaningful increases in statistical power can be obtained by increasing the control-to-case ratio above 5 in matched case-control studies when there is a high (but plausible) correlation in exposure status between cases and matched controls, or when there is a low prevalence of exposure among controls. Therefore, investigators conducting a matched case-control study in which the number of possible cases is limited should consider using a control-to-case ratio of greater than 5 when either phi is expected to be greater than about 0.2 or P Q is expected to be less than about 0.15.
